Multiresistant microorganism infection often can produce a life-threatening situation. We report two cases in which fecal microbiota transplantation used for the treatment of recurrent Clostridium difficile infection were effective in eradicating colonization by carbapenemase-producing Enterobacteriaceae. The presented cases illustrate the potential benefit of fecal microbiota transplantation in resolution of asymptomatic carrier states of multiresistant microorganisms, suggesting the need for further investigations with a view to their applicability in this area.
Introduction
Multiresistant microorganism (MRM) infection can evolve into life-threatening situations. Since colonization constitutes a risk factor for the development of infection by these agents, the attempt to resolve the carrier state can be an extremely useful intervention. We report two cases in which Fecal Microbiota Transplantation (FMT) used for the treatment of recurrent Clostridium difficile (CD) infection was effective in eradicating colonization by carbapenemase-producing Enterobacteriaceae (CPE).
Cases
Patient 1 ( Fig. 1 ) was a 66-year-old woman with medical history of chronic heart failure, diabetes mellitus type 2, obesity, dyslipidemia and subclinical hypothyroidism who was hospitalized for pneumonia and decompensation of her heart disease and was treated with amoxicillin/clavulanic acid. Six months later, she was readmitted for pseudomembranous colitis that resolved after therapy with metronidazole and vancomycin. About a month later, she was again admitted to hospital for septic shock with pseudomembranous colitis. In addition to the support measures, the patient was treated with fidaxomicin resulting in clinical improvement. One month after the end of treatment, she presented with a new recurrence. At this time, positivity was detected in a carrier screening test for CPE that was carried out according to the institutional protocol and performed through rectal swabs. In view of the recurrence of CD infection, the patient was considered a candidate for FMT, which occurred 9 days after being positive in the CPE screening test. After transplantation, the patient remained asymptomatic from the point of view of CD infection and negative results from the CPE screening tests were also observed in 3 consecutive samples spaced in about 1 month from each other.
Patient 2 ( Fig. 2 ) was a 70-year-old woman with medical history of arterial hypertension, dyslipidemia and a past frontal subarachnoid hemorrhage. She had 6 episodes of hospitalization in a period of 6 months, 5 of them due to pseudomembranous colitis and one (the second) due to an urinary tract infection. She was received a total of 4 FMT, presenting with recurrence of CD infection after the first 3 which were temporally related to the use of antimicrobial for the treatment of intercurrent urinary tract infections. In the first hospitalization episode she presented a positive screening test for CPE. Shortly after the first transplant she presented negative for the screening test, however, the CPE screening test also returned to positive on the third recurrence of CD infection. After the last transplantation, both the resolution of pseudomembranous colitis and negativity for CPE carrier screening test were verified (also in 3 consecutive samples spaced in about 1 month from each other).
Discussion
Nowadays it is practically global knowledge that infections by MRM are a major health care problem [1] . They are often serious and life-threatening situations, especially given the low * Corresponding author at: Rua Dr.
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E-mail addresses: catia.dias@chvng.min-saude.pt (C. Dias), sara.pipa@chvng.min-saude.pt (S. Pipa), filipa.duarte.ribeiro@chvng.min-saude.pt Contents lists available at ScienceDirect IDCases j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / i d c r effectiveness of antimicrobial therapy in eliminating these microorganisms and the lack of therapeutic alternatives. This scenario translates into prolonged hospitalizations, significant expenses and exhaustion of the patient, family members and health professionals. Mortality from multidrug resistant gram negative bacterial infections has been revealed in some studies as high as 55% [2] .
It has been demonstrated that the asymptomatic carrier state with dominant colonization by intestinal microorganisms such as extended-spectrum β lactamases (ESBL)-producing Enterobacteriaceae, vancomycin-resistant Enterococci (VRE) and CPE can proceed the colonization of other sites of the organism and, consequently, the occurrence of infection [3, 4] . Therefore, the attempt to solve asymptomatic carrier status appears as a potentially beneficial intervention for the reduction of infections by this type of microorganisms. Even so, decolonization strategies are scarce and the use of selective antimicrobial therapy for these cases has not presented long-lasting results, while increasing the risk of developing resistance [5] .
The use of FMT has already proven its efficacy in the treatment of recurrent or refractory CD infections [6] [7] [8] . In these patients, where the intestinal flora has been altered in some way (for example by antibacterial therapy), it is believed that the restoration of the healthy fecal microbiome provided by the donor, by multiple mechanisms of competition and by altering the characteristics of the environment, is capable to prevent CD replication, culminating in its intestinal elimination. It is thought that the mechanism of elimination of MRM with FMT may consist of these same mechanisms of competition [9] [10] [11] . Isolated cases have been described of patients who underwent FMT for treatment of CD infections and in whom negative carrier status and even resolution of MRM infections have been achieved. More recently, a small study reported 7 cases in which FMT was used to decolonize ESBL-producing Enterobacteriaceae, VRE or methicillin-resistant Staphylococcus aureus [12] . However, the FMT is not yet formally indicated or approved for the isolated purpose of eradicating MRM. The cases presented here, in which the FMT was used with the initial intention of treating CD infection, also presented as an additional effect the persistent decolonization by CPE, emphasizing the potential of this technique as a way to control MRM burden and associated morbidity and mortality. On the other hand, the fact that patient 2 was again positive for the CPE screening test after antibacterial for recurrent urinary tract infections supports the theory that the FMT mechanism of action for MRM eradication requires a healthy intestinal flora, with relapses being associated with new cycles of antimicrobial therapy.
Conclusion
The presented cases emphasize the potential benefit of FMT in resolution of asymptomatic carrier states of multiresistant microorganisms, stressing the need for further investigations with a view to their applicability in this area.
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